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. 2 , ABSTRACT 

This report is a summary of work conducted under JPL contract 
955959 to Washington University, We have constructed topography and 
gravity anomaly images for the continental United States, based on 
filtering over a half million discrete data points. We find 
evidence, based on gravity, remote sensing data, the presence, 
trend, and character of fractures, and on rock type data, for a 
Precambrian rift through Missouri. The feature is probably the 
failed* arm of a triple junction that existed prior to formation of 
the granite-rhyolite terrain of southern Missouri. 



3. INTRODUCTION 


This document constitutes the final report for our work on 
integrating and analyzing a variety of remote sensing, potential 
field, and geologic data to better understand the regional 
structural geology of Missouri and the potential correlations with 
Pb-Zn~Cu and fe deposits of the region. As noted in dPL contract 
No. 955959, we were to: 

(a) Assemble, reduce, and compare the data and begin preliminary 
scientific analyses. We have obtained a large quantity of data, 
as listed in Table 1. 

1 

(b) Reformat the data to a common, geographically oriented digital 
data base. That activity has been accomplished. 

(c) Begin analyses of the registered data, concentrating on 
correlations between structural features seen in the potential 
field data and features seen in the remote sensing and geologic 
data. 

(d) Begin geophysical modeling of the basement structure of the 
Ozark Plateau. Both tasks (c) and (d) have been accomplished 
and reported in Arvidson et al., 1982 and in Guinness et al., 
1982. A complete bibliography for work conducted under this 
study is attached, along with copies of the two papers quoted 
above. 
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4. PROCESSING FREE AIR AND B0U6UER ANOMALIES AND 
TOPOGRAPHY FOR THE CONTINENTAL UNITED STATES 

As presented in Arvidson et al , (1982) (attached), we have 
generated free air and Bouguer gravity anomaly images of the 
U.S* from approximately 500,000 land station readings. The 
technique used involved a boxcar filter, where the mean of the data 
values within the boxcar was used to replace center value, but only 
if a real data point did not already exist at that location. NOAA 
30 second topography was also displayed as an image for the U.S. In 
addition, color-coded values of the anomalies were digitally 
overlayed onto a shaded relief version of the topography to display 
correlations between altitude and anomaly values. 

Our work was utilized in Science News (page 233, Oct. 10, 1981 
issue), summarized in Science by Dick Kerr (March 5, 1982 issue) and 
touched upon by j. Oliver, Cornell University, as part of his 
invited presentation on the frontiers of geophysics, presented at 
the Spring 1982 American Geophysical Union meeting. In addition, 
the work was mentioned as an example of using space techniques to 
understand the Earth during testimony at the Senate Appropriations 
Committee hearings on the FY83 budget. Finally, our color maps 
appeared on the cover of the May 4, 1982 issue of EOS. 

We generated continental scale images to properly display a 
feature, newly discovered from our images, that extends at least 700 
km in length. The feature is about 120 km wide, has a -30 mg 
Bouguer amplitude, and extends at least from a break in the 
midcontinent gravity high in S.E. Nebraska to the Mississippi Valley 
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graben. The intersection of the feature and the Mississippi Valley 
graben is the site of a structural horst (Pascola Arch) and location 
of the bulk of the seismicity associated with the New Madrid seismic 
high. The Viburnum trend, producing 75% of the Pb in the U.S., lies 
within the feature, which we have informally named the Missouri 
gravity low. The Missouri gravity low is also aligned with the 
North Platte River and with a set of fractures within the 
Precambrian of Wyoming. The Platte also demarcates a sharp break in 
the free air anomalies. Whether the Missouri gravity low is 
genetically related to the Platte and to the Wyoming fractures 
remains open to question. 

5. CHARACTERIZATION OF THE MISSOURI GRAVITY LOW - 
FAILED ARM OF A PRECAMBRIAN TRIPLE JUNCTION 


As presented in Guinness et al. (1982) (attached), our next 
step in the analysis was to characterize the Missouri gravity low 
using a variety of remote sensing and geologic data. Positive 
magnetic anomalies are associated with the northeastern flank of the 
gravity low. The low also cuts across the major precambrian age and 
rock type boundary in Missouri, marking a change from older sheared 
granites and metasediments (northwest), to younger granites and 
rhyolites (southeast). The age of the older terrain is about 1.6 
billion years, while the younger terrain is about 200 million years 
younger. The 30 mgal amplitude of the gravity low is too high to be 
explained by a thickened section of Paleozoic sedimentary cover. 
Rather, the anomaly is due to a basement inhomogeneity. Modeling of 
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the anomaly suggests a crustal excess of 3 km over surrounding 
regions, or the incorporation of slightly less dense material in the 
upper 4 to 8 km of the crust. The gravity low is also the site of a 
re-entrant of older metasediments into the younger granite-rhyolite 
terrain. It is conceivable that the low is remnant from the set of 
events that formed the younger granite-rhyolite terrain. The 
inetasediments could be valley fill deposits formed within a failed 
arm of a triple junction. It has been hypothesized by a number of 
authors that the granite-rhyolite terrain formed via 
continent-continent collision and subsequent heating. The Missouri 
gravity low may be the remnant of a failed arm of a triple junction 
that existed prior to the collision event. 

We have also begun preliminary analyses of the correlations 
between the potential field anomalies and fractures mapped on the 
surface and detected in remote sensing data {Guinness et al., 1982, 
attached). We find that the Missouri gravity low is coincident with 
a number of 1 inears seen on Heat Capacity Mapping Mission data. 

Some of the 1 inears correspond to mapped faults in the Paleozoic 
sedimentary cover and some are extensions of mapped faults. The 
majority of the faults are extensional, indicating that the gravity 
low is the site of vertical readjustments, probably driven by 
isostasy. It is also conceivable that stresses induced by the 
orogenic events associated with the Appalachians and the Ouachitas 
have led to reactivation. 

We are currently, as part of the 2 year project originally 
proposed to NASA Headquarters, including Landsat and Seasat data in 
a more detailed analysis of the area covering and surrounding the 
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St. Francois Mtns. We expect to submit a paper in the fall of 1982 
to a special Issue of Economic Geology devoted to remote sensing. 

The thrust will be to map fractures from the remote sensing data and 
to correlate them with Bouguer anomalies, aeromagnetic anomalies as 
provided from NURE data, and with locations of known Pb-Zn-Cu 
stratabound deposits. This work began in the fall of 1981 but was 
delayed due to the discovery of the Missouri gravity low and the 
work that was needed to document this important basement structure. 
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DATA ACQUIRED FOR USE IN RESEARCH RELATED TO JPL CONTRACT 955959 


ORIQINAI. 

OF POOR QUALITY 


BOOK - uses open-file report #78-560* Generalized geologic map of Roll a l®x2® quadrangle. 

BOOK - US6S open-file report 78-806. Simple Bouguer gravity anomaly map, Rolla l®x2® 
quadrangle. 

BOOK - USGS open-file report 79-1192, Simple Bouguer gravity map of Rolla l^’xE® quadrangle 

THESIS - Gibbons, J.F, Tectonics of eastern Ozarks area ... 1975. 

THESIS - Palmer, J.E. Some geological & magnetic characteristics of buried & resur- 
rected Precambrian hills ... 1967. 

THESIS - Sides, J.R. Study of the emplacement of a shallow granite batholith, St. \ 

Francois Mountains ... 1979. 

THESIS - Wagner, R.J. Stratigraphic and structural controls and genesis of barite 
deposits in Washington County, Missouri. 1973. 

TAPE - 9 Landsat scenes of Missouri on computer compatible tapes. 

PHOTOS - Land,sat photos of Missoi'»"i 

BOOK - Continental Tectonics, by Geophysics Study Committee, National Research Council. 
(Studies in geophysics) 

BOOK - Harvard Library of Computer Graphics Mapping Collection — 11 volumes, 

MAP - 17 topographic maps (scale 1;250,000) of Missouri. 

BOOK - Digital Image Processing, by William K. Pratt. 

TAPE - Elevation data for North America (30", U.S.) from NOAA — 4 computer compatible 
tapes. 

TAPE - Seasat image of southern Missouri — computer compatible tapes. 

TAPE - Gravity readings, southern Missouri — 3000 station tape from DMAAC. 

TAPE - Seismic data tape, southern Missouri — from St. Louis University. 

BOOK - MoGS F.PI #26. Guidebook to the geology of St. Francois Mountain area. 

BOOK - MoGS RPI #46. Ash-flow tuffs of Precambrian age in SE Missouri. 

BOOK - MoGS RPI #47. Mafic intrusive rocks of Precambrian age in SE Missouri. t 

BOOK - MoGS RPI #51. Petrochemistry of a Precambrian igneous province, St. Francois f 

Mountains, Missouri. . ; 

BOOK - MoGS RPI #56. Data on Precambrian in drillholes of MO including rock type and { 
surface configuration. [ 

BOOK - MoGS RPI #61. Studies in Precambrian geology with a guide to selected parts • ^ 

of St. Francois Mountains, Missouri. I 

BOOK - MoGS RPI #27. Annotated bibliography of Missouri Precambrian, 1959-1973. I 

MAP - Paleotopography of the buried Precambrian surface in Missouri. I 

MAP - Geologic map of the Precambrian of Missouri. | 

MAP - 0FM-80-1-G1 — Subsurface geology of Precambrian St. Francois terrane, SE MO. jj 

MAP - USGS map 1-1161. Geologic map of the exposed Precambrian rocks. I 

MAP - USGS maps MF-IOOIA & lOOlB. Structure contour map of buried Precambrian base- I 
ment rock surface. i 


MAP 30 Missouri aeromagnetic paps — scale 1i62,500, 

TAPE - 8 NCIC digital terrain tapes produced by DMATC from the 1:250|000 series of 
maps for areas of Mf^^souri* 

BOOK - APSRS state base graphics catalog for lowa/Missouri. 

MICROFICHE “ APSRS state base graphics catalog for lowa/Missouri, 

BOOK - USGS Professional Paper 1042 — Geology of the Decaturville impact structure, 
Missouri. 

BOOK - MoGS RPI #44, Exposed Precambrian rocks in southeast Missouri, 

BOOK - MoGS RPI #62. Guidebook to the geology along Interstate- 55 in Missouri. 

BOOK - MoGS RPI #58. Guidebook to the geology and ore deposits of selected mines 
in the Viburnum Trend, MO. 2d reprinting. 

BOOK - Dynamics of Plate Interiors, pubi, by AGO. 

MAP - USGS open-file report 78-330 — Aeromagnetic form-line contour map of the east 
part of Rolla, MO, l®x2® quadrangle, 

BOOK - USGS Open-file report 78-402 — Spectrographic and chemical analyses of drill 

core from Precambrian igneous rocks of the St. Francois igneous province in SE MO. 

MAP - USGS open-file report 79-966. Aeromagnetic map of the Rolla, MO, area, 

BOOK - USGS open-file report 79-992 —Linear feature data derived from Landsat images 
of southeastern MO. 

BOOK - USGS open-file report 79-1 OSO — Uranium and thorium content of some sedimentary 
and igneous rocks from Rolla l®x2® quadrangle, MO 

BOOK - USGS open-file report 81-518 — Metallic mineral -resource potential of the 
Rolla l°x2® quadrangle, MO, as appraised in September 1980. 

BOOK - USGS open-file report 77-787 — Uranium in Precambrian granitic rocks of the 
St, Francois Mountains, SE MO, with comments on uranium resource potential. 

BOOK - USGS open-file report 80-25 — Spectrographic and chemical analyses of ex- 
posed Precambrian rocks, Rolla l°x2° quadrangle, MO. 

BOOK - USGS open-file report 80-1000 — A possible favorable belt for mineral dis- 
covery in subsurface Cambrian rocks in southern MO. 

TAPE - Aeromagnetic data, U.S., from NOAA. 

BOOK - Economic Geology, vcl. 72, no. 3 (May 1977): an issue devoted to the Viburnum 
Trend, southeast MO. 

TAPE - 3 NURE tapes — hydfugeochemical data for Dyersburg l®x2® quadrangle and 

Poplar Bluff l®x2“ quadrangle, magnetic data for Poplar Bluff l°x2® quadrangle. 

BOOK - Map Projections for Geodesists, Cartographers and Geographers. 

TAPE - HCMM digital tapes which were re-formatted and condensed onto 8 tapes. 

TAPE - Missouri geologic map (on digital tape): red, green & blue filter versions. 

TAPE - AEM-A image catalog, sorted by longitude/latitude. (Microfiche indexes also) 

TAPE - Point gravity anomalies for the continental U.S. — Generated by DMAAC. 

TAPE - Topographic data set for Earth — 2 digital tapes. 

PHOTOS - Space Shuttle STS-1 onboard photos of Missouri areas, 

MAP - Composite stratigraphic column for MO. 

MAP - Geological highway map of the mid-continent region (AAPG) 

MAP - Seismicity map of Missouri. 


•« 

i4AP - Structural f&atures map of M1s‘;ouri. 

REPRINT - Aoromagnetic anomalies In Bonne Terre area of southeast MO mining district. 
'^EPRINT - Depositlonal history of LaMotte sandstone of southeast MO. 

BOOK - Bibliography of Missouri P^ecambrlan, 

MAP - USGS map MF-1004 A&B — Generalized geologic and summary geochemical maps of 
the Roll a 1^x2° quadrangle, MO. 

REPRINT First-look analysis of geologic ground patterns on ERTS-1 imagery of MO. 

BOOK - Geology In the area of the Eureka-House Springs anticline with emphasis on 
stratigraphy, structure, economics, 

BOOK - Geology of the disseminated lead deposits of St. Francois and Washington 
Counties, MO. 

REPRINT - (uow-amplitude aeromagnetic anomalies In southeast MO, 

REPRINT - Mineral -resource potential of the basement complex in MO. 

REPRINT - Missouri's mineral resource base for future generations, 

REPRINT - Standards of practice, MO Land Survey, 

REPRINT - Tectonic features in the polygonal structure of Decaturville, west- 
central MO. 

REPRINT - The 38th parallel lineament and its relationship to ore deposits. 

REPRINT - Gravity and aeromagnetic anomalies over basement structure in the Roll a 
quadrangle and the southeast MO lead districts 

BOOK - Viburnum Trend; 26th annual field trip of the Assoc, of MO Geologists. 

BOOK - Central Mississippi Valley earthquake bulletin (from St. Louis University). 

PHOTOC - HCMM photos (prints & transparencies) of mid-continent USA, 

PHOTOS - HCMM photos (transparencies) of the Ozark Plateau. 

PHOTOS - Landsat, Skylab, and NASA-Aircraft photos of east-central MO. 

PHOTOS - Side-looking radar imagery of MO River area, east-central MO, 

PHOTOS - JPL digitally processed Seasat radar images of the St. Francois liountains, MO, 

MAP - Subsurface geology of Precambrian St. Francois terrane, SE MO. 

BOOK - Aeromagnetic lineament study of covered Precambrian basement, southeast MO. 

BOOK - A field guide to the Precambrit^n geology of the St. Francois Mountains, MO. 

BOOK - Major lineaments and possible calderas defined by side-looking airborne radar 
imagery, St. Francois Mountains, MO. 

BOOK - Ortho-polygonal tectonic patterns in the exposed and buried Precambrian base- 
ment of southeast MO. 

REPRINT - Granitic ring complexes and Precambrian hot-spot activity in the St. 

Francois terrane, midcontinent region, U.S. 

MICROFICHE - 19 microfiche sets covering various aspects of the NURE-HSSR Program. 

TAPE " Gravity data in National Gravity Data Base for Canada -- on digital tape. 

BOOK - An analysis of haze effects on Landsat multi spectral scanner data. 

BOOK - Characteristics of TIROS, GOES, DMSP and LANDSAT systems. 

ORIGINAL I-AGS SS 
OF POOR QUALITY 
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MAP - USGS map MF"1011 — Preliminary seismo tectonic map of central Missis^;ippi 
Valley. 

BOOK - USGS open-file report 81-437 — Proceedings of Conference XII I; Evaluation of 
regional seismic hazards and risk, 

BOOK - Digital Image Processing for Remote Sensing. 

TAPE - Aeromagnetic, hydrogeochemical, and reduced data for Holla, MO, l®x2® 
quadrangle from NURE — 3 digital tapes, 

MAP - Magnetic map of Missouri — scale: 1 inch * 8 miles. 

REPRINT - New gravity anomalies mapped from old data. 

BOOK - Geologic application of thermal inertia imaging using HCMM data. 

FILM - SIR-A image film master positives for STS-2 data takes 22, 24A & 24B -- 3 
rolls of film. 

THESIS - Strebeck, J.W. Structure of the Precambrian basement in the Ozark Plateau 
as inferred from. gravity and remote sensing data, 1982 

BOOK - ELAS: Earth resources laboratory applications software, (loose-leaf) 

MAP - Geophysical data from FOAM II convenors. 
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liiiiiiHin III mil (dtr) Ihr hiiKliliirtt dt- 
tiKiiril In d Ki^fii dlldS rlriliriil l<MdlHill ilr- 
|M-ii<lt nil ihe liMdl tln|ir liidKinliiilr dllil ill- 
irilKili dllil It irldlisr In dll dttiiinril tnldl d/ 
iiniilh dllil rirsdiinii |/lfj/iiin ri nl , III7.S| 

I hr Kidsiis il.iid ssrir iriliiieil In l-irr dll 
dllil In liniiKtiri dllniildlirt 1 nlllirtv nl ihr 
(frn|MitilH>lidl Drpailmriil. Dririitr MdppiliK 
Aeintpdir AKriii s (.rniri. Si l.nuit. Mitviii 
II Ihr iriririiie helil dl trd IrsrI ihdl ssdt 
iitril III ihe I I'll III linn ssut lidtril nn ihe l‘Mi 7 
IniriiidlHnidl (•i.isiis i-ntimild. ssiih dll ihr 
ildid irlririli I'll In ihr I'I 7 I llllrl lldllniidl 
(>tdsils Sldiiildlili/dlinii \rl Firr dll dliniiid- 
hrs ssrie innipiltril llnlil llir InllnsslllK Ini- 
iimldiinii s K * II .'IIIKlih 'Y. ssheir 
t ' I’ler dll diinnidls ( n(•.ll). k irdil 
iliK. A rirsdiinn l|M)silise ilnssii In Keniil), 
dllil > ’ ihrnielli dl Kidsils sdhie .\triniiii 
niilei letin ssds dilileil In thr rIrsdIinn iniiri 
linn sshrn ihe iiidKiiiltiile nl the iniirilinii 
exieeileil II I ni( >dl BmiKuri .mnnidhrs ssrir 
iniiipiileil nn ihr hdsit nl d sldli hiiIi ilriltils 
'J ii 7 Kill I mV iitiiiK A/l'hs <^.;'i s ** 1 1 IMA. 
sshrir A/^Ht limiKiiei .mniiidls m iii(>dl 
l.iMdl Irildin initrilintis ssrir nnl ini hiilril m 
thr HniiKtiri dlinnidls 1 nnipiildllniit 

(>rnridtinK iiiidKi's linin ihr k'^^iO ildid 
ptrtriilt d innir 1 niiiphi .ilril pinhirm ihdll 
ihr li>|MiKidphii ildl .1 tiiiir ihr K>dsiis tidlinnt 
dir nnl liMdiril dlniiK .1 irKtildi kikI ('•'t Imlh 
ihr lire dll diiil BniiKiiri diinnidhrs ihr ildid 
Ssrir fitti Mdlril in hi Miihm d hsir sdiiahir 
(ir , ‘iTili iliv trir sdhirt) I hi' vdlrii ildid 



hg I Shdi'ii'il lelirl tn.ip ilrpiitiiiK SO \ \ 'Mi s eirsdiinti .iseidKrs Ini ihi' iniiMiriildi 
I nileil Sl.ilrs SiiiiiIm-is iiiiiiiiiik seitlidlls .ilniiK ihe siiles nl llie iilldKe die ili'Kiees n| 
nnilh Idtilinli . sshile nimilM is .ilmiK the iMiltnm die ili'Ktees nl ssi-sl IniiKiliiile I Ins ,mil 
nihet nidps III ihe p.i|M 1 .ile Men. lint pin|e<liniis Ihe smilildleit sim Ss.is sel dl .iImisi- 
the ssesiein hnii/nn D.iik hliMks .iie.is die iiiissiiik il.il.i 
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I III' Mllllll.lll'll Mill M.l« Ml .11 I') .iImiM IIiI' MIMIIII llllll/■•n \ .11 l.llloll^ III llll .1111 llll.llll s 


•III' III I'lli'i I . illiiiiiiii.iii'il .10 il I III \ Mill ,1 Ml < i| ii i|M 1^1 .i|iliii I iilk;i'' .111)1 \ .llll V 'I I III I'x.im 
|ili llir iiimIi l•lllllll'tll Ki .i\ III IiikIi I I ' S ‘i|\\l M III! Ii i‘ .1 !>• >»ii i> I .iiiiiiii.ili xi.iiiiU .11 .1 
lliln*' mIiiIi- llll' uir.il i.illi i III < .ilili II iii.i I I” N I'jll W I wliiili II .1 III i{.iliw' .1111 hii.iIn .i|i 
|M'.II I .11 .1 llllllt(ll 


Mrir |ii4ii il mill jii jiiji miiIi llir x.iiiii rlr 
llll III %|Mi inx I'flli) Jliil xi'iixi 4|iilM iiiwijx* 
At llll lll|M>XI J|lllt lljl4.4IIJ> I III rll'llll III 
IlH 4IIIIII I lllM'tl III J X'**'**^ tIJIHlII IlM 4 

INHI W4t .IttlXIH'll llll tl4l|llll t.lllll . llll'll'llt 
|iiimIiii MIX .III 4ll.it iHiii|»ii'il III |uil lit H'4l 
1 I .114 .mil III |i4ii lit Iil4iik /iiiii't 

V\|'|||IIM' III IlM 4 I mil l'|llll.lllt tllll|lll lull 
iMIttl'l I 111 lllll't MIX .l|l|ll 11.11 ll llll IIIU I IW1I4IMIX 
Iw'lttrtii llll' li' 4 l xmtllt 1I4I.1 |Millllt I III 
III lll.ll|lll Vt4t lIl'trllijK'll llll |l|lMI'tMHX I 111141 
I iiiivitiiim 1I4I.1 .1111! tt.it .iltii iiM'il III |iiii 
iliiii .illimi'lit iii.ijit liiiiii llll' .i|i|iiii\iiii.iii It 
IIMIIHKI I’lrt .llll III rtiim.iH't iiIm.iiih iI lit llii 

rilllllTI \ I'llllt l.lll.ll lll.l|l|M I |/ /mtlill Hill/ Nil 
lif'hiiim I'iTT I'rllr'iglll rl ill l'lltll| I hi 
In I||IM|III' illtiiltrt IlM' III .1 t|i,ili.il lillrl lll.ll 
XilH'l.ili't .1 iisiitiiix .itri.ixi lllliilixli llir il.il.i 

4ll.lt \l .lilt Xltl'M |Mltl|ll|l Mllhlll llll ll.ll.l 
4ii.it lilt- tillci INI ii|iii t ,1 Imix III N • N I Ir 
Mil lilt I hr llli'.ili t.lllll' III llll xi-ltllt .llinlll.l 
lilt hit ti.iiimit liN. Ill'll ttiihiii llll Imix It iiMil 
4t llir lillrl |Mil, Ill'll t.ihir llll llll Imix iiiiIi i 
milt il .III .iiiiiiii.ilt t.lllll liiM't Hill .ihr.iilt I X 
iti 41 ih.il liM.ilimi Nliilliiix ilx hliri nti 1 ihr 
4ii.it .Hill I r|H .iliiix llll' I iiM'i .iliiiii llll I .11 h 
rlrilli'lll liM.illiHi irtiillt HI .1 |i.llll.illt lillrl |Hi 
l.ilril ll.ll.l M l lll.iiik .ilr.it tlill iriii.iiii Hi 
/iilii't ttilhiiiil .Hit ll.ll.l .iliil HI /iiiirt Milh Ml 
lllllr ll.ll.l lll.ll .1 IIM'I ilrhliril xl.illtlii.il 
lliirthiilil tt.it Hill Hil l I hr ihirthiilil it ilr 
hiiril HI irllii III llll li.iiliiiii I I'll iiiriilt 
Hilhlli ihr Imix iIi.iI iiiiitl h.i> t.iliil il.il.i 111 
iiiitri III ir|il.iii llir iihiI|mii|i i li nii lil uilh 
till' .itri.ixi .ittiiiiHiix lll■ll <*■•' iiHil|M Hill ihil 
Hill .ihr.iilt h.itr t.iliil 1 I. 1 I 4 

III |il.iillir llll Xl-l'l*' ll.ll.l Mill |i|iMi\tril 
lit iitiiix M’tri.il lillrl Miihlit. Im'XHHhiix miiIi 
.1 I • I rlrilli'lll hllri .i'hI riiihiix ttilh .1 ?l 


■ 'J I I'lriiiriil .llll I llll ihirtliiilil M.it mi 
till h lll.ll .11 Ir.itl 'Jll'i III llll rlrilli III Im.i 
limit 4l .lilt xitrii hill I )Mitilimi iiiiitl h.iti 
h.iil ir.il ll.ll.l t.ihii't III Im lillrl |h iI.iIi'iI I hr 
ilimii III hlii'i ti/rt tt.it XI It II nil I ht ihi ti.i 
I mil tp.ii iiixt M llll h .It I I . xril m 1 1 1 ,il kilmiii 
lilt hill t.iiiril limii hiiiiih lilt nl iiirli it in 
M'tri .il iriit III k ilmiii'li'i t \ \ ■ I I'll iiii'iil 
hllr I I III HI tl , 1111 1 1 1 It I 1 1 'Ml t III . 11 1 HI Im till 

l.iiiliiilr .Hill Imixiiiiili III .iImihi t km .ilmix 


hill III l.ililiiili Null' lll.ll ii ximit Miih iil.i 
litrit Mii.ill ihti.Hiii't ImImi'I'Ii xi.itilt t.ihirt 
Mill Hllr I |M il.ilril milt iitii irl.illtrit thml 
ihtl.Hiii't tiiiir mill' .III I Iriiii'iil M.it .ittixiii il 
.1 ll.ll.l t.lllll II M.it Hill .ittri Ini ht l.ili I hill I 
|i.ittrt llll ml I llri I III ihi hllri iiix < i|m 1 .1 
limit M.it III X' lifi.ili .1 ii'Xiil.ii .iii.it III x'-*'* 
It ll.ll.l Miih mixHi.il ll.ll.l ll ll mi.iit . 111)1 Milh 
mil I |Mil. Ill'll ihil.i iK'lttrrii ihr m ixm.il t.ilili t 
Siimr .III .It HI ihi .11 1 .It It I'll tt II h .1 I ■ L’ I 
I'll llll III lillrl tlill h.iil liMi hull' ll.ll.l III .illiiM 
mil I |Mi|.iiimi I III IM' .11 1 .It .i|i|M'.ii lll.ll k HI .ill 
III ii'ii iht|il.itt 

I III lillrl I'll X' -It II t .Hiiim.ihi t I milil In iht 
jil.it I'll .It XI .It II Hir III .It 1 1 ilm 1 1 hIi il im.ixi t 
\t Milh ii i|M ixi .ijiht Ml Imit lll.ll .1 tilt 
rllrilitr t itii.il illt|i|.it It .1 th.iilril 11 hit m.lji 
I ixHirt J .mil ^ ill jiii I th.iili'il II Im I m.ijit Im 
ihr llll .HI .mil IIiihxhi I .mmii.ihi t. iitjMi 
litrit ( iim|i.iii*mi nl ihrtr |iiiMhnlt miiIi 
jil I t II Hitlt jMilihthril iiiHImil m.ijit |r x . 

\\ iHitiinl unit li>f\ling I 'Mi I \lil,inni\ il ill 
l'* 7 '*| thiiM tiiml.H hi I Mil M .ill ji.iilriHt 
IhiMi-tri ihr m.ijit thiiMii m I ixHirt 'J .mil I 
ilitjil.it mhrtriillt mmr mim m.ilimi Ihr 
ir.iMiiit 4 ir ihirriiilil I 11 ti . .1 Imi 1 x'*'l tji.ii 
iHK tt .It IIM'I I III mir I jM il.iii Im I miih ti.iiimi 

ir. iilmxt ih.m .iir. jiiihlithril m.iji mi h.itr 
Im'I'II .ililr III rx.immr Sri mill, ihrir .iir .it 
m.mt imiiiiiii mint.ilt .it ihrtr .111 t.ihirt m 
.1 litir t.iii.ihlr (II . 'J'lli) Miitl iiinimii m.ijit 
itjiii.illt h.itr .1 ilii/rii III til imiliiiii mli'it.ilt 
I hitil .11 r.it M llll .1 l.ii x<' hihhIk'I iililiitrit 
tji.iiril ti.iiimit ii'l.im ilrl.iilt nl ihr .mmii.ilt 

ji. illri lit 

I hr hllriril .iiimii.ihi't 1 .111 .iltn Ik- 

iliXii.iMt nti'il.itril miin :lii' iiijM IXI .Ijiht Im .1 
titii.il ihtjil.it III ihr iniirl.ilimit Ik iMrrii ihr 
iMii t.iii.ihlrt Ihr In Imiijiir lh.it mi- iim-iI 
M .It In III tl I nut ri I ihr ht Ir t .ill 11 Im r.ii h rl 
rmrill 111 ihi X'.itllt .ill.itt in .1 xitrii 1 ninl 
( I IXHI r 1 1 I hr I ninl t Mrir 1 hi im ii hi tin Ii .1 
m.miiri th.il liliir 1 m irt|Miiiilril in ihr mntl 
iii'x.iiitr .mmii.ilirt .uni ml in ihi mnti jMiti 
liti .mmii.ihi't (li.mxct. trlhiMt. .mil x'*'*'"' 
Mi'lr I hiiM'li In irjilrti iil lillrl 'in ill. Hi t.ihirt 
( nim iimIi'iI Hii.ixi't ilr|iiilHix iln .mmii.ilt 
ji.illriHt Mi'ir ihxil.illt ntril.itril niiln .1 th.iil 
ril irhrl m.iji nl i|ir InjK ixi .ijiht tmijilt ht tr 



All of thf iiulhot\ air ti lth thr Drfmilmrnl of hnilh anil l‘lanrlol^ Siirnir\. \\ nthinglnn I nii ri\il\ 
K.itmmiil k \itiilMiii (fill nghti 11 on awinuitr fnnfrwio onil ’nrnril /iii I'h It finm Hiiiun I ni 
frnit\ in Hr hn\ hrrn iiiin/iri/ in f>liinrlor> >r\riiiih unit irmnlr \rnMiig fm iihniil 11 ilriiiitr. 

nil liuiiiif.' irn ing at tram Iriiilri fin ihr \ ihing I onilri Imaging I ram Hr 1 iiinrnlh a mrmhri nf 
ihr \iillanal \iailrm\ of Siirnirt Sfanr Siirnir Hnanl anil ihanman af thr hnaiil \ ( ammillri an 
I omfiulnlian mul Hula Man .^rmrnl Hr it aim an awin lair rililin nf flili 

|-iIm 4 IiI .\ (•iiilllirtt Ifai Irfll inrn ril hii I'h It in I'tSO in filanrla>'\ grnlngs finm H iiihinglnn 
I fiirrrti/x anil it nnu a \rniat uirnli\l at Ihr iinirriMH \ Mi Itnniirll I rniri fni ihr Sfnnr Nnriiirt 
Hr \pfnt a lalal nf a \rni nl ihr /rl I’mfiuhian I iihaialiii'\. fmilii ifniling in thr I iking miMinn nfiria 
linns (lUinnrss iliii his ihrsis irsninh an thr spritinphninmriiii fiinprilirs nf Maitian siiifan malm 
Ills, hnsrti iin hinilri imaging ihila Hr is 1 antiniiing thasr stmlirs. using ilala inrn rd finm iliiril links 
flam ihr .Miilih Mrmoiial Statinn 1 1 iking I anitri I) 

|nhli Siirlw'ik Isrinnil finm nghll iririrril hts maslri s ilrgirr finm \\ iishitiglnn I nn risiti in 
I'^SJ Ills thrsis liipii int'olfril grningual anil griifih\sii nl iiitrifnrlalinns nf Ihr Afittiiiiii giai'it\ lau . 
a fralutr disiussril in this pafm Slirhrik is iiinrnlly rmfilnsnl hs Mnhil t xfilniiitinn Sriviirs. Im . 
Hillliis. I rxiis 

(M'lillirt h |).itirt Imitlillrl 11 an assm uilr pinfrssm anil iriritril his I’h l> in H ^7 2 finm ih' 

I allfninia Insliluir nf I n hnalngx His irsraiih intrirsl iiingr finm ihrimal rrulnlinn histniiis nf thr 
railh anil planrty In manllr . nniri tinii ami thr Inlnnn iinlutinn nl 1 nnlinrnis Hr has sntnl on 
\ \ S \ nth itiirt fninris anil is an iissim lalr nlilni nf fills 

Kl.iiit I S hill/ I tri mill finm Irfll is an assistant fa nfissm amt in nt nl his I’h 1 1 m full ilngy finm 
Ihr I niinsits •/ Xliniirsnla in Ht 77 His inirirsis ningr finm tin firlingrni sis nf tin lails mnlininlal 
itusi /.I Ihr rffrils that lingr imfnii I rvrnis hart an thr sahsrifnrni ihrimal ami Inlnnn irgitnr nl ihr 
railh s mils hthnsphru Sihiili 11 ill /nin thr I \ I irnliigii at NiHio Hrsliin I iiginia. in fnnr I’l.'sJ 
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t tg ) Slijilril irlict iiiai|i ilr|>itllliK tillrit-il HiniKiiri .<nnnuti(‘\ I hr ma|i pm 
<hi(r<t III (hr \^iiir iii.iiiliri (hr Her .in .iimmii.iI> in.ip in l-iKiiir ‘J No Iim j| irii.iiii hm 
irtlMMi> wrir iiii liidril in (iMn|>iilni)( HoiiKnri jii<Mn.ilir> 


|)|ji ni({ lh< hi iKliliir» « 1 Mii|MMiriil lin r.i< h 
mini Miih (hr hiiKlniir» Imni (hr iniir 
«|MMi<hiiK Int.iiMMi III .III .iiij> 1 niii.niiniK iIk' 
>h.i<lr(l irllt'l lli.i|i I lir iirl irxlll in .i inlin 
iii.i|i VNhrir (hr liiiKhliii NN in iiiiHliil.nr<l h\ 

(hr Nh.i<lr<l irlirl iii.i|i. nnIiiIc ihr inlm hiir 
(■10111111.1111 «N j>rlrii|{th) .111(1 N.ilill.ilinii l<l(' 
Kirr III |iinit>l .nr miniollril h\ (hr ^l.l>ll> 
jihmiuIn >.illlrN \olr th.il .lli> mini i.ili In 
inii<pirl> liriiiiril li\ .i liiir (il<Miini.nii >N.i>r 
IriiKihl. v.illlMlinli l|Hlin>). .iimI hii^hllirNN 
\Slitlrt. I'l7^| Sill li |niMl(i( In .nr nIminnII Ini 
Imlh iht' hllriril lirr .in nikI KniiKiiri .ilinill 
jIicn nil ihr Kivrl nt iIiin inniic nl / m In ImmIi 
( jw-N (hr i!U|iN wrii' li .niNtni niril In ,i NIrii.i 
Inl |iin|rilinil illKl'.ill> irililtril h> .i l.ii Ini n| 
7. .111(1 llirii |)|iNrNNr<l .in iIim iinv-iI .iImiX' 

Discussion 

\ Nk.rl( h iiu|i NhnvNnl^ Nollir nl ihr nij|ni 
NlllKliilrN rNiiiriil in llir ( nini .nid Nh.idrd ir 
lirl iiiNpN IN nImonii III ^l^nlr 'i hm iIiin p.i|M-i 
Mr Hill rcNllKI nin dl\4 ilNNlnll nl ihr piiK 
rNX-d d.ilN In .i |Mi|llnll nl ihr iiiidi nlllnirill . 
Mhrir Mr h.i\r .1 (nnliiinniK iiilrirNT in ihr 
iiiinuI NliiKlinr .nid ihr irl.iliniiNhipN Im- 
iMrrii iMM'liiriil liNdiilrN .illd nir dr|m>llN 
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hg 4 I lilN dia^Min nIiomn ihr .ipprnxi- 
llUlr inlnl-iiNhllK x hriiir iivd In pKNiiKC 
ihr mini miiiniiiN hn ihr ^rJVllv annniaK 
lliapN nImimii nil ihr imrr nl (hiN ixiir nl t 
HlMn^l.llllN nIiiimiiik ihr ll.Kllnlial aira (Mill 
pird l» ra( h aiiniiiaU >aliir Mrrr ii\rd In as- 
NiKii inlniN in Midi .1 liiaiiliri lhal rath mini 
>ahir (m ( iipicN an aira ■ (Mii|>ai.ihlr in an> 
nihri mini N.iliir \lmnl -4 ^ diM irir mini >al 
iir> (I r . dix irir hiir and Naluralinn Naliirx) 
Mrir iiv-d III rai li annin.il> map ( >n ihr nih 
ri hand, ihr >h.idrd irlirl map >riMniiN nl 
ihr annmalirN rai h mniain L’.'ih NhadrN nl 


SiK h a dix iiNNiiMi alxi x-|>r> In illiiMialr ihr 
kiiiilN nl nil(M malinii ih.il lan In* )(lranrd 
liiMii ln|Ml^laph> and y a>il> dala dial ha>r 
iM-rn piiMrNx-d in mla^r Ini mat 

I hr daNhrd linr> in l-iKiiir driinr imii 
ina|ni NiiiKtiiirN m (hr midmiiimriii a iirxU 
dixiorird Iraliiir Mr tall ihr Minxiuii Kia>l- 
l> l(*M and ihr Mi>M%xippi \ allr> ^lalirn. a» 
drhnrd h> Kunr rt nl | IMH| | imi ihr lia\iN nl 
Kia>ii> and arlnma^nrlH annmalirx Ihr 
Minxiuii ^i.inio Ihm tan In- x-rii nii ihr mini 
and Nh.idrd irlirl niapN .in a I III kin Midr It .i 
liiir dial In'XIIin al a hir.ik ni.ii dir xiiilhrin 
rd|{r nl ihr midmnlinrni Ki-id<> hi|(h and 
rxIrndN .kkinn Minxiuii and inin ihr Minnin 
N ippi rnih.iNiiii'iii In ihr ( nih.iNiiirni dir Iiim 
l.ikt-N dir Inim nl a hnl xl hliMk t.illrd ihr i'.iN 

mla All h |/ ii iK (IK// ,W( ^.iiiiiii, I‘t7^| 1 hi' 
liiM h.iN a liniiKiiri ainpllliidr nl alMiiil 411 
lll(i.ll Inl dir irKinll |IInI In dir linllllMrNl nl 
ihr rniha>mrnl I hr niaxmiiidr nl (hr .innm 
al> Nii|p(rNlN a drrp hasrmriil NliiKliiir In 
l.i(l ihr aiinmaK in ((MiNisIrnl Midi an m 
( irax'd ( I iiNlal dm klirsN nl 4 km .n ihr Mnlm 
nl Midi .1 (iiiNi dial li.tN a driiNio nl II I ^m 
(in' IcNN di.ill dir Niii iniillihliK .iiraN liM ihr 
hiNl I In h km Im'Iiim ihr Niiila. r \ Slirhrik. 
I'.IHk’l NnalNNCNiil irninir x'nNm^ d.ila and 
^lnllnd NliidirN Ini .iir.iN n>ril>iHK llir ^'-*'11' 
liiM drmnllNlialr dial iht ir^inlial ll.Kliilr 
llriidN air mini idriil m nil ihr nIi ikr nl iIiin 
drrp iMX'iiirnl Iraliiir. mikkcnimik a Ian dr 
Kirr nl miilinl i»ri ihr pallrin nl laiilliiiK m 
ihr .lira ri nt . I'lH'JI 

I hr miri x'( linii nl ihr MinXmii i ){i a\ il> Inx 
and dir MiNNiNNippi \ allr> ki.iIh-ii liaNilralh 
X'iNrd In mnlinl llir rmplat rinrni nl Imii 
lliahi pliilnliN drhnrd l» 1 1 ililriihnirul rl nl 
|l'<77| ihr KliMiimiiKlnii mlliiNinii In dir 
linidi and die ( iiniiikIimi mlliiNinn In llir 


xMilh I hr Imii pliilniiN i an lir »rrn a* |hi*i- 
ll>r anninaliTN m dir I irr an mini map anil 
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ABSTRACT 


Digital free air and Bouguer gravity anomaly images have been 
constructed from approximately 287,000 station readings for the 
region bordered by 25* to 49* N. lat. and 80* to 110* W. long. The 
technique used to interpolate between station locations was based on 
a two dimensional spatial filter, where the average of the anomaly 
values located within the filter area was computed. The images 
contain as many as 256 contours (values in byte variable), so that 
subtle anomaly patterns can be identified and traced with much 
greater certainty than on most contour maps. A newly discovered 
feature In the midcontinent is a gravity low that begins at a break 
in the midcontinent gravity high in S.E, Nebraska, extends across 
Missouri in a NW-SE’ direction, and intersects the Mississippi Valley 
graben to form the Pascola arch. The anomaly varies from 120 to 160 
km in width, extends about 700 km, and is best expressed in southern 

i 

Missouri, where it has a Bouguer amplitude of approximately -34 
milligals. The magnitude of the anomaly cannot be explained on the 
bas-is of a thickened section of Paleozoic sedimentary rock. The 
gravity data and the sparse seismic refraction data for the region 
are consistent with an increased crustal thickness beneath the 
gravity low. Some of the discrete positive magnetic anomalies in 
Missouri are located along the borders of the gravity low. 

Digitally enhanced thermal infrared images from the Heat Capacity 
Mapping Mission show a distinct alignment of linear structures with 
the gravity feature. The 1 inears in some cases correspond to mapped 
high angle normal faults, to drape folds over relief within the 
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Precamhrian basement, and in some cases to extensions of mapped 
structures. The gravity anomaly also cuts across the major 
Precamb>'ian boundary in S.E. Missouri marking the change from older, 
sheared granites and metasedimentary rocks to younger granites and 
rhyolites. Given the cumulative evidence, the gravity anomaly Is 
probably the present expression of a failed arm of a rifting event, 
perhaps one associated with the spreading that led to or proceeded 
formation of the granite and rhyolite terrain of southern Missouri. 

INTRODUCTION 

We have been pursuing relationships between the pattern, age, 
and origin of structural features within the Precambrian basement 
rocks of southern Missouri and the locations and genesis of ore 
deposits, The area is a well known lead mining district, where 
Mississippi Valley type Pb-Zn-Cu ores have accumulated in Cambrian 
carbonate rocks associated with stromatolitic reef and backreef 
facies (Gerdemann and Meyers, 1972). The location of these facies 
wa*s controlled by the location of the shore line, which was In turn 
controlled by the pattern of faulting of the Precambrian basement 
(Grundmann, 1977; Sweeny et al., 1977; Evans, 1977; Paarlberg and 
Evans, 1977; Mouat and Clendenin, 1977). In addition, iron ores of 
magmatic origin can be found in the precambrian basement rocks along 
fracture zones {Kisvarsanyi , 1976). 

Structural studies of basement rocks in southern Missouri have 
been pursued for a considerable amount of time (see; Kisvarsanyi 
and Kisvarsanyi, 1976), and a significant amount of information has 


been gained on the distribution of Precambrian rock types and ages 
(Kisvarsanyi, 1974; Bickford et aK, 1981; VanSchmus and Bickfor.d, 
1981), However, little has been done In terms of understanding how 
the structure of the region is related to the overall structural 
configuration of the midcontinent or how such features are related 
to the structural history of the area. In this paper we utilize 
digital image processing techniques to reduce and display a variety 
of potential field, topographic, geologic, and remote sensing data 
for the midcontinent. The intent is to delineate how structural 
patterns in southern Missouri are related to the broader features of 
the midcontinent. 

DESCRIPTION OF DATA AND PROCESSING METHODS 

Digital image processing techniques have a potentially '»ide 

range of utility for display and analysis of geographically (i.e., 

( 

array) oriented data sets. In our case, data covering the 
midcontinent were processed on a POP-11/34 minicomputer with 
interactive image display peripherals, using standard digital image 
enhancement, filtering, and geometric operations. The reader is 
referred to standard texts such as Moik (1980) for further 
information on image processing techniques, and to Arvidson et 
al, (1982) for examples of the utility of image processing in 
processing, display, and interpretation of topographic and gravity 
data for the continental United States. 

National Oceanic and Atmospheric Administration (NOAA) digital 
topography, together with land station measurements of gravitational 
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acceleration, comprise two Important data sets that we employed In 
the study. The area chosen for analysis of the topography and 
gravity ranges from 25* to 49* N. lat. and 80* to UO* W, long., 
thereby covering regions from the eastern edge of the Rockies on the 
west to the Appalachians on the east, and from the Superior Province 
on the north, to the Gulf of Mexico on the south. The topography 
consists of average elevations for areas covering 30 seconds In both 
latitude and In longitude. Gravity stations are typically spaced 
three kilometers apart, but vary between hundreds of meters to ten 
kilometers over the study area. The gravity data were reduced to 
free air and to Bouguer anomalies courtesy of the Defense Mapping 
Aerospace Agency Center, St. Louis, Missouri. The reference field 
at sea level used was based on the 1967 International Gravity 
Formula, with all the data referenced to the 1971 International 
Gravity Standardization Net. Bouguer anomalies were computed based 
on a slab model with a density of 2.67 gm/cm3. No local terrain 
corrections were included. 

Magnetic anomalies were also included in the analysis. 
Unfortunately, digital data for the region were not available at a 
reasonable cost. Consequently, we restricted Inclusion of magnetic 
coverage to the state of Missouri, based on the 1943 statewide 
contour map of vertical field intensity anomalies. The 1943 map was 
checked against a new, unpublished map by I. Ziotz and both maps 


were found to exhibit similar trends. The 1943 map was photographed 
onto film and the film was then scanned and digitized, resulting in 
a digital image of magnetic anomaly contours for Missouri. 

Similarly, the basement rock type map for the midcontinent compiled 
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by Bickford et aT. (IBSl) and VanSchmus and Bickford (1981) was 
transformed to a digital format for use In comparison with other 
data sets. 

Other digital data sets that were utilized In this work 
Included Heat Capacity Mapping Mission (HCMM) Images. HCMM 
consisted of a satellite with sensors capable of Imaging the surface 
In the visible to the reflected Infrared (one channel covering 0.5 
to 1.1 micrometers) and In the thermal Infrared (one channel from 
10.5 to 12.5 micrometers) (Price, 1977), Each Image element In the 
HCMM data covers about 500 m across and one scene covers about 700 
km In width and in height. The visible-reflected Infrared sensor 
was used to measure the broad band albedo of the surface, while 
thermal Infrared data acquired during the day and night provided 
Information on the magnitude of diurnal temperature changes. These 
parameters can be used to solve for the thermal Inertia of the 
surface, a thermophysical property that depends on the density, 
thermal conductivity, and specific heat (Kahle et al., 1976). 

Thermal infrared data, including estimates of thermal Inertia, have 
been shown to be useful in delineating structural features In a 
variety of geological contexts (Sabins, 1969; Offteld et al., 1975; 
Watson, 1981). HCMM data were included In this study both because 
of the applicability of thermal data in structural studies and 
because the synoptic view is appropriate for examining the surface 
expression of regional -scale structures. HCMM images for southern 
Missouri were contrast enhanced, digitally registered to one 
another, and displayed in a variety of formats designed *'’i emphasize 
structural trends. Details of HCMM processing techniques will be 
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discussed In a later section, 

The first step In the analysis of topographic and gravity data 
was to scale the dynamic range of the data to fit within the range 
of a byte variable {l.e., 8 bits or 256 discrete values). The byte 
data were then stored In Image arrays* registered to a common base 
If needed, and processed, Final displays were transformed to 
Mercator projections and overlayed with latitude-longitude grids. 

The byte-encoded topographic data were firs* stored In an array with 
30 second spacing In both latitude and lonF/1tude. The data could be 
displayed as an Image If the byte-encoded values were converted to 
brightness or to color values. Alternatively, a shaded relief Image 
could be constructed If a photometric function for the surface 1s 
assumed, Figure 1 shows a shaded relief Image transformed to a 
Mercator projection and depicting topography under the assumption 
that the surface obeys the Lommel-Seellger scattering law (Batson et 
al., 1975). The simulated sun is from the northeast at 20* above 

i 

the horizon. 

Generation of Images from he gravity anomaly values Is more 
complicated than generating displays from the topographic data. The 
reason is that the gravity stations are not located along regular 
grid intersections. We chose a simple but powerful spatial 
filtering technique for interpolating between station locations* 

The byte-encoded anoitialy values were first assigned to array 
locations closest to the station locations. This procedure produced 
an array in part occupied by valid data and in part occupied by 
blank zones. The filtering algorithm that we then applied was 
developed by Eliason and Soderblom (1977), used to produce 
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topographic maps from the Ploneer-Venus altimetry data (Pettengill 
et al., 1980), and applied to generating gravity images for the 
continental United States by Arvidson et al . (1982). The technique 
involves use of a spatial filter of N x N elements. The average of 
the valid data points within any given filter location is computed 
and used to replace the center value, but only if a valid datum does 
not already exist at that array location. In practice, the gravity 
data were processed using several filter passes, beginning with a 3 
X 3 element filter and ending with a 21 x 21 element filter. The 
choice of filter sizes was governed by station spacings, which 
varied from hundreds of meters to ten kilometers. The result is an 
interpolated data set, except for regions that had so few valid data 
points that a user-defined threshold was not met. In our case, we 
set the threshold so that at least 20 % of the elements for any 
filter position would have to have been occupied by valid data for 
an interpolation calculation to proceed. 

The interpolated gravity data can be displayed as a gray tone 
Image, as is done in Figure 2 for free air anomalies. Black areas 
in the image correspond to zones with too few stations to allow 
valid interpolations. The gravity data can also be displayed as a 
shaded relief image, where gravity highs and lows are illuminated as 
if they were hills and valleys. Figure 3 is a shaded relief image 
of the free air anomalies with the simulated sun placed at 15* above 
the northeastern horizon. 

The gravity anomaly images displayed in Figures 2 and 3 and 
equivalent Bouguer anomaly presentations have been checked against 
published maps (e.g. Woolard and Joesting, 1964; McGinnis et al., 
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1979; Simpson and Goodson, 1981), Generally the Images and 
published maps correspond. However, .the Images have intrinsically 
more information displayed, for at least three reasons. First, the 
grid spacing used to interpolate between station readings is more 
closely spaced than the spacing used to generate most published 
continental -wide contour maps. Second, there can be as many contour 
intervals in our displays are there are values in a byte (256), 
Third, because of the particular filtering algorithm used, areas 
with closely spaced stations retain local details of anomaly 
patterns. For instance. Figures 2 and 3 show a major gravity 
feature (free air low) that begins at a break in the midcontinent 
gravity high and extends about 700 km to the southeast. One of the 
distinguishing aspects of this feature is not the amplitude of the 
low but rather the sharp gravity gradient associated with the edges 
of the anomaly. Although sections of the feature have been noted in 

the past (see; Phelan, 1969; Cordell, 1979; Russ, 1981), the 

( 

images shown in Figures 2 and 3 provide new information and a 
broader perspective that show the entire trend and location much 
more accurately than can be seen in published maps. 

Finally, an important aspect of comparing data sets is the 
ability to merge or overlay one data set onto another to produce a 
visual display that maximizes the eye's ability to see correlations 
between the data sets. A useful technique is to allow one data set 
(gravity anomalies, for instance) to control the hue (dominant 
wavelength) and saturation (degree of purity) of a color image, 
while another data set (topography, for instance) controls the color 
brightness (Arvidson et al., 1982), Also, it is possible to combine 
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values of a given para;neter with a shaded relief presentation of 
that parameter by allowing the value to control the color hue and 
saturation, while the local gradient, expressed in shaded relief 
form, controls the brightness (Pettengill et al., 1980; Kobrik, 
1982). For example. Figure 4 is a version of the Bouguer image 
where the anomaly values have been color-coded and overlain onto a 
shaded relief version of the anomalies. The effect is to produce an 
enhancement showing information related both to the value of the 
anomaly and to the local gravity gradient. 

BASEMENT STRUCTURE IN MISSOURI AS DEFINED 

BY GRAVITY ANOMALIES AND SEISMIC PROFILES 

Figure 5 is a sketch map showing some of the major structural 
features seen in the free air anomaly images shown in Figures 2, 3, 
and in Bouguer image shown in Figure 4. The midcontinent gravity 
high is a major gravity anomaly in the midcontinent. In our data 
this feature has a maximum free air anomaly of 85 milligals and a 
max.imum Bouguer anomaly of 50 milligals. The midcontinent gravity 
high is about 70 km wide, contains Keweenawan basalts that date at 
1.1 billion years, and has been interpreted as a failed continental 
rift (Chase and Gilmer, 1973). Flanking lows on either side of the 
high have been modeled as thick (several kilometers) arkosic 
sediments deposited as the load associated with the basalts caused 
regional subsidence. Considerable structure can also be seen in the 
greenstone-granitic terrain of the Superior Province located to the 
northwest of the midcontinent gravity high. The Wisconsin Arch, the 
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Ouachitas, and the Wichita-Arbuckle systeni are Just a few of the 
other features that have a recognizable gravity signatures. For 
reference, the Ouachitas have minimuni free air and Bouguer anomalies 
of -70 and -89, mill Igals, 

A subtle but pervasive gravity feature seen in both the free 
air and Bouguer images is a linear low that begins at a break near 
the southeastern end of the midcontinent gravity high (40.5* 

N. lat,, 96* W. long.), strikes in a southeasterly direction, and 
extends to the Mississippi Valley graben as defined by Kane et 
al. (1981) (36* N. lat., 90’ W. long.), The low varies between 120 
to about 160 km in width, extends about 700 km in length, and is 
best expressed for the 300 km of its length closest to the graben. 
The feature also exhibits a irregular medial high (Figure 3) midway 
between the midcontinent gravity high and the graben. The feature 
begins just to the northwest of Missouri and ends just beyond the 
southeastern boundary of the state. We therefore informally refer 

I 

to the feature as the Missouri gravity low. As discussed in 
Arvidson et al . (1982), the intersection of the Missouri gravity low 
with the Mississippi Val U^y graben is the site of the majority of 
the microseismic epicenters recorded in the 1970' s by the St. Louis 
University seismic network (Stauder et al., 1977). In addition, the 
northern boundary of the intersection is the site of the circular 
Bloomfield anomaly, while the southern boundary is the site of the 
Covington anomaly. Both features can be seen in the free air and 
Bouguer data as distinct, circular positive anomalies. Kane et 
al . (1981) suggest that these two anomalies, which are also positive 
magnetic anomalies, are due to intrusions of magmas during the 
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Mesozoic Era. The intersection of the Missouri gravity low and the 
Mississippi Valley g'*aben is also the site of the Pascola arch as 
defir, .d by Phelan (1969) and Ervin and McGinnis (1975), 

Several gravity profiles were generated across the Missouri 
gravity low to illustrate its form and to model subsurface density 
configurations. The location of the southern-most profile is shown 
•n the sketch map in Figure 5. Values for the topography, free air, 
and Bouguer anomalies for this profile are shown in Figure 6. The 
gravity low exhibits a Bouguer anomaly of -34 milligals for the 
region beneath the profile. A simple model for the anomaly would be 
a thickened section of relatively low density sedimentary rock 
overlying a downwarped region of the Precambrian basement. However, 
drill holes covering the general area of the profile A-A* indicate a 
typical cover of Paleozoic sediments of only hundreds of meters over 
the low, with no discernable thinning on either side (Kisvarsanyi , 
1974). Thus, the gravity signature must be related to an 
inhomogeneity within the Precambrian basement rocks. Cordell (1979) 
reached a similar conclusion for that part of the low located in the 
southwestern part of the Roll a quadrangle (37* to 38* N. lat.; 90“ 
to 92* W. long.), where there is a slight local thickening of 
sedimentary cover over the gravity low. 

Some seismic data exist for Missouri that provide information 
on the possible subsurface configurations of the crust that would 
give rise to the observed gravity anomaly patterns. Stewart (1968) 
conducted a reversed seismic refraction survey of about 300 km in 
length along an east-west line in northern Missouri crossing the 
gravity low at about 39.8" N. lat. Results indicate that the crust 



consists of three major layers, with average depths of about 5, 20, 
and 40 knt and a 3/4 degree of dip toward the west. Stewart (1968) 
also conducted a reversed profile in southern Missouri that extends 
across the gravity low at about 50 kiti to the northwest of the 
gravity profile A-A’ (Figure 5). The refraction data for Stewart’s 
southern profile exhibit very low signal/noise ratios, perhaps 
because of significant lateral inhomogeneities within the crust. 
Results are compromised by the low quality of the data, although an 
arguement can be made for a thickened crustal section in the 
southwestern half of the profile and somewhat higher crustal 
velocities beneath the northeastern half of the traverse (Nuttll, 
1976). Finally, McGamy and Meyer (1966) conducted a seismic 
refraction survey just to the southeast of profile A-A', reversing a 
survey done several years earlier. The refraction profile cut 
across the Bloomfield gravity anomaly and ran in a NE-SW direction 
within the Mississippi embayment. As discussed by Ervin and 
McGinnis (1975), this region is unusual in that the crust is 
slightly thicker and underlain by an anomalously high velocity layer 
as compared to Stewart's (1968) profile in northern Missouri. The 
anomalous layer probably corresponds to high density material at the 
base of the crust, material that may have been emplaced in 
association with the Precambrian rifting that produced the Reelfoot 
rift. 

In summary, the seismic data suggest a slightly thicker crustal 
section under the Missouri gravity low, although this interpretation 
is compromised by poor data and the complicating influence of rocks 
associated with processes that probably lead to formation of the 
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Mississippi embayment. If it is assumed that the Missouri gravity 
low is due to a thickened crust, then a -34 milligal anomaly, and a 
density contrast of 0.3 gm/cm3 between crust and mantle, is 
consistent with a crustal excess of about 3.3 km under the anomaly 
(Strebeck, 1982). Alternatively, if it is assumed that lateral 
density variations within the crust cause the gravity anomaly, than 
the anomaly would be consistent with rocks that were 0.1 gm/cm3 less 
dense than surrounding materials for* the first 4 to 8 km below the 
surface (Strebeck, 1982). Of course, other models of crustal 
inhomogeneities can be generated. However, in the absence of 
additional seismic or rock type constraints on the crustal 
structure, they are not worth pursuing at this point. 

RELATIONSHIP OF MISSOURI GRAVITY LOW TO 
PRECAMBRIAN ROCK PROVINCES AND TO 
MAGNETIC ANOMALIES 

Information on the distribution of Precambrian rock types in 
Missouri is limited because of the relatively few drill holes that 
have penetrated into the basement and because of the complexity of 
the Precambrian geology in the area (Kisvarsanyi , 1974; Bickford et 
al., 1981; VanSchmus and Bickford, 1981). There is, however, a 
major boundary between 1.61 to 1.65 billion years old rocks composed 
largely of sheared granites and metasediments, and younger 1.38 to 
1.48 billion years old granites and rhyolites. The boundary runs in 
a NE-SW direction, as is shown in Figure 7, where the basement rock 
map of Bickford et al . (1981) has been overlain onto a shaded relief 
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map depicting Bouguer anomalies. The Missouri gravity low cuts 
across the boundary at nearly right angles. Based on the rock-^type 
data there also appears to be an extension of what are thought to be 
older metasedimentary rocks into the younger terrain along the 
gravity low. Kisvarsanyi (1974) notes that the area containing the 
reentrant of older rocks Is also a structural high on contour maps 
depicting the paleotopography of the Precambrian surface and on 
structural contour maps of Paleozoic sedimentary formations. 
Presumably, older Precambrian rocks are exposed along the low 
because of isostatic readjustment and erosion of the younger 
granites and rhyolites preferentially along the feature. 

The Observation that the gravity low cuts across the major 
Precambrian age and rock type boundary in Missouri suggests that the 
low is related to a structural feature. Further support for this 
suggestion can be found in the locations of areas with discrete, 
positive magnetic anomalies. Figure 8 shows regions with vertical 

I 

intensity magnetic anomalies higher than 600 gammas as black 
splotches superimposed on the gray tone and shaded relief versions 
of .Bouguer anomalies for Missouri. The 600 gamma contour interval 
was chosen on the basis of delineating discrete magnetic highs. The 
magnetic highs are in part clustered along the flanks of the gravity 
low, i.e., where the gravity gradient is high. Some of the magnetic 
highs coincide with discrete gravity highs, such as in the area 
underlain by the Bloomfield intrusion in southeastern Missouri 
(Figure 8). Clearly, more work needs to be done to establish the 
pattern of magnetic anomalies in more detail, along with 
establishing the relationship of the anomaly patterns and the 
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gravity low. 

Previous work shows that magnetic highs in Missouri can be 
correlated with enrichment of magnetite in felsic volcanic rocks, 
and with the presence of mafic and therefore magnetite-rich 
intrusions (Allingham, 1964; Phelan, 1969; Cordell, 1979). In 
addition, local relief with the basement rocks also contributes to 
low amplitude anomalies (All Ingham, 1964). The location of some of 
the discrete magnetic highs along the flanks of the gravity low 
suggests that the flanks correspond to zones of weakness where 
magmas have intruded. Kane et al. (1981) note a similar correlation 
of magnetic highs along the perimeter of the Mississippi Valley 
graben. The gravity and magnetic anomaly patterns, and the 
observation that the gravity low cuts across rock and age provinces, 
provide strong evidence that the Missouri gravity low Is a 
consequence of a major inhomogeneity within the crust. 

RELATIONSHIPS BETWEEN FOLDS, FAULTS, AND LINEARS 
IN SOUTHERN MISSOURI AND BASEMENT STRUCTURE 

In this section we describe relationships between the Missouri 
gravity low and the patterns of faults, folds, and 1 inears that 
exist within the Paleozoic sedimentary rocks covering Missouri. The 
particular tack that we take is to map the patterns of linear 
features from HCMM thermal images, compare those 1 inears to the 
distribution of known faults and folds, and finally we relate the 
trends for the structural data to the gravity low. 

Figure 9 shows a HCMM thermal infrared image over southern 
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Missouri taken during relatively clear atmospheric conditions at 
approximately 1:30 p»m. on June 10, 1978. The frame has been 
contrast-enhanced and transformed to a Mercator projection. Water 
appears dark (cool) because it does not warm as quickly as 
vegetation, soil, or rock. A correlation plot between the apparent 
temperature seen in this image and the magnitude of topographic 
slopes demonstrates that the dominate control on temperature is 
relief. Areas with high relief are relatively dark (cool), while 
relatively flat regions are bright (warm). For instance, the bright 
polygonal zone centered at 37,6* N. lat., 90.5* W. long, corresponds 
to flat terrain underlain in part by igneous rocks of the 
St, Francois Mountains and in part by the surrounding Cambrian 
sedimentary rocks. The dark area to the southwest of this region 
corresponds to Ordovician carbonates that have been dissected by 
streams. Flood plains of the streams and the major rivers are flat 
and therefore relatively bright (hot). Finally, the relatively 
smooth, bright regions to the north of the Missouri River and east 
of the Mississippi River coincide with the glacial till deposits 
related to the Wisconsin and earlier periods of glaciation. 

We also combined a shaded relief image of topography with the 
daytime thermal image by multiplying the two data sets on a element 
by element basis. The shaded relief map is showi in Figure 10 and 
the overlay of the IR data onto the relief map is shown in Figure 
11. Clearly, linear features are enhanced in the merged data 
relative to either the shaded relief map or thermal images shown 
alone. The reasons are at least three fold. First, topographic 
1 inears can be readily discerned on shaded relief maps (Wise, 1976). 



PAGE 18 


Second, topographic Unears associated with river valleys would be 
enhanced because of tne higher temperatures for the valleys as 
opposed to the hills, Combining the thermal image with the shaded 
relief map provides, in effect, a nonlinear enhancement of the 
topography. Third, any linear thermal features not related to 
topography would remain in the data. These products were used as 
our primary base for constructing a 1 inears map for southern 
Missouri. An apparent thermal inertia image was also constructed 
using the formulation of Price (1977) and overlayed onto the shaded 
relief image. However, this product did not provide a significant 
amount of additional information* probably because the nighttime 
thermal and the albedo data contain only ZS% of IZ% of the variance 
inherent in the 3 dimensional thermal day-thermal night-albedo data 
set. 

Figure 12 is a sketch map showing 1 inears from the processed 
HCf#t data. Also shown are folds from the Missouri structural map 

t 

(McCracken, 1971) and faults from the latest geologic map of the 
state (Anderson et al., 1979), The folds are thought to be drape 
folds over the Precambrian surface in areas with significant relief 
due to basement faulting (McCracken, 1971). Most of the faults are 
high angle normal faults, although some evidence for shear movement 
can be found (McCracken et al., 1971). The area occupied by the 
high temperature region of the St, Francois Mountains and 
surroundings is also drawn on Figure 12, Note that 1 inears, faults, 
and folds generally strike in a direction parallel to the gravity 
low. Also, the sharp southwestern edge of the St. Francois 
Mountains is coincident with the northern flank of the low. Further 



away from the low tha azimuths of features tend to disperse. 

Clearly* the basement Inhomogeneity associated with the Missouri 
gravity low has had a pronounced Influence on the pattern of 
faulting and folding that has propagated through the Paleozoic 
sedimentary cover. The preponderance of normal faulting In the area 
Implies, as does the reentrant of older basement rocks along the 
gravity low, that the dominate structural activity associated with 
the crustal Inhomogeneity beneath the gravity low has been one of 
vertical readjustment. Preferential uplift along the low Is also 
consistent with the pattern of vertical displacements shown by the 
mapped faults In the area (Figure 12). 

THE AGE, ORIGIN, AND EVOLUTION OF THE 
MISSOURI GRAVITY LOW . 

The Missouri gravity low must be older than the Paleozoic 
sediments that have been deposited over the reentrant of older rocks 
into the granite-rhyolite terrain. The reason Is that any uplift 
and. stripping of the younger granite-rhyolite rocks along the 
gravity low must have occurred before the Precambrian surface was 
buried. The oldest abundant sedimentary rocks in southern Missouri 
consist of Upper Cambrian Sandstones called the Lamotte Formation 
(Anderson, 1979). 

A number of events affected the region now occupied by the 
gravity low during the Precambrian, including: (1) The set of 

processes that led to formation of the granite-rhyolite terrain of 
southern Missouri. Bickford et al. (1981) speculate that a rifting 
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event or a convergent plate margin might explain formation of the 
granite-rhyolite units; (2) Rifting that was associated with the 
.opening of the Reel foot basin, the Precambrian precursor to the 
Mississippi emba>ment (Ervin and McGinnis, 1975); (3) Rifting 
associated with formation of the midcontinent gravity high (Chase 
and Gilmer, 1973); and (4) The postulated continent-continent 
collision associated with the Grenville orogeny (Dewey and Burke, 
1973). 

At this point it is useful to summarize the characteristics of 

the Missouri gravity low. The feature has a Bouguer amplitude 

anomaly of about -34 milligals in southeastern Missouri, a width 

varying from 120 to 160 km and it extends about 700 km in length, 

The flanks of the feature are the locations of some of the magnetic 

highs in Missouri. Finally, the feature controls the pattern of 

normal faulting in the Precambrian basement rocks and overlying 

sedimentary cover. Except for the lack of a discernable thickness 
> 

of sedimentary fill overlying the granite-rhyolite terrain, such a 
description is consistent with description of a failed arm of a 
triple junction (Burke and Whiteman, 1973). There are examples of 
relatively recent rifts that have negative anomalies with no 
associated sediment fill, although Burke and Whiteman (1973) 
Interpret these anomalies as being due to ponding of magmas at the 
base of the crust. 

The Missouri gravity low could have formed as the failed arm of 
a triple junction that existed before formation of the 
granite-rhyolite terrain. The triple junction site would have been 
to the southeast, with the other two rifts becoming active spreading 
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centers. Closure of that spread1»^g center, with subsequent 
continent-continent collision, may have been the most plausible 
method of generating the abundant alkallc igneous activity that 
produced the younger granite-rhyolite terrain. In the process, most 
of the sediment fill within the failed rift would have been 
metamorphosed, intruded into, and covered by the alkallc magmas 
associated with formation of the granite-rhyolite terrain. The 
metasediments found in the reerftrant of older rocks in this terrain 
(Figure 7) may be the remnants of this valley fill. Subsequent 
events, such as the formation of the Reelfoot rift that is 
postulated to have occurred at approximately 1.1 billion years 
(Ervin and McGinnis, 1975) or recently proposed triple pronged 
northern extensions of the Reelfoot (Braile et al,, 1982), could 
have served to reactivate parts of the rift. Reactivation certainly 
occurred during the mid-Paleozoic to Mesozoic, when the southeastern 
end of the low was structurally active as the Pasco! a arch, 

I 

Reactivation events may be the cause of the variable characteristics 
of the feature along its length. We stress that our interpretation, 
although plausible, is by no means unique and serves only as a 
working hypothesis to be updated or discarded as new seismic, 
potential field, and rock type data are acquired. It is of Interest 
to note that an origin as a failed rift arm may provide a new 
perspective on the source of the Pb-Zn-Cu in the Paleozoic 
sedimentary cover, since base metal mineralization is a common 
process associated with rifting events. 


SUMMARY AND IMPLICATIONS 
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1, Standard digital Image processing techniques have been used to 
Interpolate and display free air and Bouguer anomalies and 
topography as gray tone, color-coded, and shaded relief Images 
as part of an analysis of how structural features within the 
Precambrian basement of Missouri relate to the broader structure 
of the midcontinent. In addition, the Precambrian basement rock 
type map of Bickford et al, (1981) and magnetic anomalies for 
Missouri have been digitally merged and displayed with the 
gravltydata to facilitate examination of correlations. 

Finally, Heat Capacity Mapping Mission (HCMM) thermal Infrared 
data covering southern Missouri have been enhanced and overlayed 
onto shaded relief versions of topography. 

2. A major and previously unrecognized gravity anomaly (Missouri 
gravity low) In the midcontinent is 700 km long, 120 to 160 km 
wide, and exhibits a Bouguer amplitude of -34 milligals in 

I 

southeastern Missouri. The low begins at a break in the 
midcontinent gravity high in southeastern Nebraska, extends in a 
.southeast direction through Missouri, and intersects the 
Mississippi Valley graben as defined by Kane et al. (1981). The 
northern and southern edges of the Intersection of the Missouri 
gravity low and the Mississippi Valley graben are tha sites of 
discrete positive gravity anomalies that are thought to be due 
to plutons. Also, many of the epicenters associated with the 
New Madrid seismic area are within the crustal block defined by 
the intersection of the gravity low and the Mississippi Valley 
graben. Some discrete positive magnetic anomalies exist along 
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the flanks of the Missouri gravity low. Finally, the gravity 
low is may be the site of a reentrant of older Precambrian 
metasedimentary rocks into the younger granites and rhyolites 
that underlie much of southern Missouri. The amplitude of the 
low is too high to be related to thickening of Paleozoic 
sedimentary rocks. Rather the anomaly is probably due to a 
basement inhomogeneity. Two seismic refraction profiles 
(Stewart, 1968) cut across the low in Missouri, In both cases, 
the seismic data are consistent with a slightly thicker crustal 
section beneath the gravity low. The magnitude of the gravity 
anomaly is consistent with a crustal excess of 3.3 km as 
compared to surrounding areas or with a crust that is slightly 
less dense (0.1 gm/cm3 contrast) in the upper 4 to 8 km. 

3. A HCMM daytime thermal image was overlain onto a shaded relief 
image of topography covering the area underlain by the gravity 
low in southern Missouri. These data show that linears trend in 
the same direction as the low. Mapped faults (mainly high angle 
- normal faults) and drape folds over basement relief in the 
Paleozoic sedimentary cover of southern Missouri follow a 
similar pattern. Some of the HCMM linears correspond to the 
mapped structures, in some cases they are extensions of such 
features, and some linears do not correspond to mapped features. 
In any case, the correlation of the gravity low and the 
structural data suggest that the low is a major basement rift 
and that the structures in the Paleozoic deposits are due to 
vertical readjustments related to the crustal inhomogenc-ity that 
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gives rise to the low. 

4. The Missouri gravity low is older than the oldest Paleozoic 
sedimentary rocks that cover the reentrant of metasedimentary 
rocks into the younger granites and rhyolites. The oldest rocks 
correspond to the Upper Cambrian Lamotte Formation. The gravity 
low could be the present expression of a failed arm of a triple 
junction that existed before or during the events that led to 
the younger granite-rhyolite terrain of southern Missouri. 
Emplacement of the igneous rocks would have effectively covered 
or metamorphosed sedimentary rocks that formed as valley fill 
within the rift. Reactivation of the rift has certainly taken 
place since it formed. Association of the Missouri gravity low 
with a unique history is difficult at this point because of lack 
of information on basement rock types, ages, and seismic 
controls on crustal configurations beneath the low. 
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FIGURE CAPTIONS 

Figure 1 Digital shaded relief map of topography is displayed in 
this image with the simulated sun located at 20* above 
the northeastern horizon. A Mercator projection is used 
for this and the other images In the paper. Numbers 
running vertically on the right hand side are degrees 
north latitude and numbers at the bottom are in degrees 
west longitude. The particular area of concern is 
located in the box bound by 25 to 49* N. lat., and 80 to 
110* W. long. The resolution of the image, measured as 
the width of a picture element (pixel) is about 7 km. 

At that resolution little structural control of 
topography is evident within the midcontinent. 

Figure 2 - Gray tone image of free air gravity anomalies for the 
same area as displayed in Figure 1. Black areas 
correspond to regions where stations were spaced too far 
apart to allow reasonable interpolation. Bright regions 
correspond to positive anomalies, medium gray to areas 
with anomalies close to zero, and darker areas to 
regions with negative anomalies. The anomaly range goes 
from +66 to -360 milligals. A sketch map illustrating 
structural features evident in the image is shown in 
Figure 5. The midcontinent gravity high extends as a 
NE-SW trending linear high, flanked by lows, in the 
upper half of the image. Note the subtle linear low 
extending from a break in the gravity high, toward the 
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southeast, to about 36* N, lat,, 90* W. long. 

Figure 3 •* Shaded relief image depicting free air' anomalies as if 
they were hills and valleys illuminated by a sun located 
at 15* above the northeastern horizon. Note the 
correlation between the shaded relief of topography and 
this figure in areas of high relief. Also note the 
linear gravity low that begins at the break in the 
midcontinent gravity high and strikes southeasterly 
toward 36* N. lat., 90* W. long. A Bouguer image 
displays a similar patten for the linear gravity low. 

Figure 4 - This color image is a combination of a color-coded 
version of the Bouguer image with a shaded relief 
version of the same data. The effect is to be able to 
discern both the value of an anomaly for a given region 
and an indication of the local anomaly gradient. Red 

I 

corresponds to anomaly values greater than -27 
milligals; yellow to orange indicates a range from -74 
to -27 milligals; green corresponds to -140 to -27 
milligals; blue-green denotes -200 to -140 milligals; 
and blue corresponds to values smaller than -200 
milligals. 

Figure 5 - Sketch map showing major structures delineated in the 
free air images of Figures 2, 3, and 4 and equivalent 
presentations for Bouguer data. The Missouri gravity 
low is a subtle, but pervasive feature that extends from 
the midcontinent gravity high to the Mississippi 
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enba)went. The location of the Mississippi Valley 
graben Is in part from Kane et al. (1981)* A-A* Is the 
location of the profiles shown in Figure 6. 

Figure 6 - Topography, free air, and Bouguer anomalies are shown 
for profile A-A' of Figure 5. The profile cuts across 
the Missouri gravity low* 

Figure 7 - Rock types of Bickford et al. (1981) have been coded to 
discrete color values and overlayed onto a shaded relief 
version of Bouguer anomalies. Black Vines delineate the 
edges of the Missouri gravity low as mapped in Figures 
2, 3, and 4* The dashed Vine corresponds to the 
approximate boundary between older and younger basement 
rocks as shown in VanSchmus and Bickford (1981). Sun is 
from the west at 15* above the horizon* Color values 
are as follows; Medium blue - felsic rocks, mainly 
sheared granites; yellow ~ granite; orange - rhyolite; 
purple - gabbro; dark blue - basalt; red - 
metasediment ary rocks; green - Sioux Quartzite; and 
light blue - Keweenawan sedimentary rocks. Note that 
metased imentary rocks exist to the southeast of the 
major rock type boundary (between older sheared granites 
and metasediments and younger granites and rhyolites) 
along the gravity low. 

Figure 8 - Vertical intensity magnetic anomalies with amplitudes 
greater than 600 gammas are shown as black splotches on 
gray-tone and shaded relief images of Bouguer anomalies 
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for Missouri » Patterns of small black splotches near 
the southeastern edge of the state and In the upper 
right are spurious and are remnant from the original 
digitization of the Missouri magnetic anomaly map. 

Arrow points to the Bloomfield magnetic high (Phelan, 
1969; Kane et al., 1981). The Bloomfield feature Is 
probably due to a relatively mafic intrusion. Note that 
many of the magnetic highs are clustered on the edges of 
the Missouri gravity low. The sun Is from the west at 
15* above the horizon for the shaded relief data. 

Figure 9 - This figure is HCMM daytime thermal infrared image 
covering southern Missouri that has been contrast 
enhanced and transformed to a Mercator projection. Flat 
areas are brighter (warmer) than regions with high 
relief.. HCMM frame ID A>^A0045-19420-2 . 

( 

Figure 10 - Shaded relief map depicting topography for southern 

Missouri and western Illinois, with the sun at 20* above 
the western horizon. 

Figure 11 - The HCMM contrast enhanced daytime thermal infrared 
image has been overlayed onto a shaded relief image 
depicting topography. The sun for the shaded relief 
image is from the west at 20* above the horizon. The 
overlay tends to enhance subtle topographic features, 
while retaining linear thermal anomalies not associated 
with relief. 
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OF POOR QUAUrV^ 

Figure 12 - Sketch mfip showing th 2 Missouri gravity low, mapped 
faults and folds, and 1 inears as mapped from the HCMM 

I j 

thermal image and from the thermal -topography overlay. 
Heavy black lines indicate the borders of the Missouri 
gravity low as seen in the gravity anomaly images. The 
structural trend is dominated by the trend of the 
Missouri gravity low. Azimuths of structures tend to 
disperse for regions far. from the low. 
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